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(57) Abstract: The present im'ention has its object to 
i>blain an SiC mtinilor wafer which lufi nalleri the sur- 
face until particle detection is possible. SiC of a crys- 
tal system 3C is deposited on a substrate by a C\D 
(Chemical Vapor Deposition) method, and the SiC is 
detached from a substrate. After the SiC surface is 
flattened by using mechanical poli.shing ali)ne or in 
combination with CMP (Chemo Mechanical Polish- 
ing), GCIB (Gas Cluster Ion Beam) is irradiated to 
the surface until the suj-feice roughness becomes Ra = 
0.5 nm or less and the impurity density of the wafer 
surface becomes 1 *H>ii atoms / cm2 or less to pn>- 
duce the SiC monitor wafer. 
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DESCRIPTION 

PRODUCTION METHOD OF SiC MONITOR WAFER 

5 Technical Field 

The present invention relates to a production method of an SiC 
monitor wafer which is introduced into a. semiconductor process device and 
has an xjltra-flat and highly pure siirf ace. 

10 Background Art 

A semiconductor device having a silicon single crystal as a substrate 
goes through an oxidization process for forming an oxide film on the surface 
of a silicon substrate (silicon wafer), a diffusion process for difiEixsing 
impurities, a low pressure CVD (LPCVD) process for forming a silicon 

15 nitride film, a polycrystal silicon film (polysilicon film) under reduced 
pressure and the like, and has a very small circuit formed on the silicon wafer. 
Semiconductor production facility called diffusion equipment, an LPCVD 
equipment and the like are used for these processes. Each of these 
equipment is composed of a furnace part into which a plurality of silicon 

20 wafers aie inserted and which heats the silicon wafer main body to high 
temperature, a gas introduction part for supplying a reactive gas into the 
furnace, an exhaust part and the like, and a number of silicon wafers can be 
simultaneously processed (batch processing) therein. Fig. 5 shows an 
example of a vertical type of LPCVD device. 

25 In Fig. 5, a CVD device 10 is provided with a heater not shown at an 

inner circumferential surface of a furnace body 12 so that an inside thereof 
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can be heated and maintained at a high temperature, and the CVD equipment 
is also connected to a vacuum pump not shown so that the inside can be 
pumped down to 10 Torr or less. The inside of the furnace body 12 is 
provided with a process tube 14 formed of a high purity quartz and silicon 

5 carbide (SiC). 

A boat pedestal 18 is provided at a center portion of a base 16 
covered with the process tube 14, and a wafer boat 20 in a vertical rack shape 
formed of SiQ quartz, or the like is placed on this boat pedestal 18. A 
number of silicon wafers 22 to form semiconductor devices such as a large 

10 scale integrated circuit (LSI) and the like are held with appropriate spaces 
between them in a vertical direction of the wafer boat 20. A gas 
introduction pipe 24 for introducing a reaction gas into the fiiraace and a 
thermocouple protecting tube 26 containing a thermocouple for measuring 
the temperature inside the fiimace are placed at the sides of the wafer boat 20. 

15 In the CVD equipment 10 constituted as above, a number of silicon 

wafers 22 are placed inside the furnace via the wafer boat 20. The pressure 
of the inside of the furnace is reduced to 100 Torr or less, the inside of the 
furnace is heated to a high temperature of, for example, SOO'C to 1200'C, 
and a carrier gas such as H2 and a reaction gas (raw material gas) such as 

20 SiCU are introduced into the furnace via the gas introduction pipe 24, 
whereby a polycrystal silicon film (polysilicon film) and a silicon oxide film 
(SiOa) are formed on the surface of the silicon wafer 22. 

In the CVD device 10 as described above, a plurality of monitor 
wafers 30 are placed to mingle with the silicon wafers 22 at appropriate 

25 positions in the vertical direction of the wafer boat 20 to check the state of 
particles attached to the silicon wafer 22 and to check whether a film of 
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predetermined thickness is formed on the silicon wafer 22 and the like. An 
Si single crystal wafer with surface roughness of about Ra = 0.25 nm is 
generally used for a monitor wafer which is used to perform management of 
the film thickness of the formed thin film, particles and the like as described 

5 above. Though very flat surface as described above is obtained with the 
silicon single crystal, the conventional monitor wafer cannot be reused by 
washing the film with acid or the like when a polysilicon fdm or a silicon 
oxide film is formed, and it is thrown away after one use, which makes it very 
uneconomical. Consequently, SiC wafers, which are excellent in 

10 anticorrosion against nitric acid and the like, facilitate removal of deposits 
caused by etching, and can be repeatedly used for a long period of time, 
receive attention. 

On the other hand, SiC has high hardness, then it is difficult to 
produce an ultra-flat surface. Polishing with use of a diamond abrasive 
15 grain is generally performed, but it easily gives a scratch damage onto the 
wafer surface by the abrasive grain or the SiC itself which is fallen away. 
Concerning the surface cleanness, there exists the problem of impurities 
mixing in this grinding process. 

With the prior SiC polishing technique, it is not possible to produce 
20 an SiC monitor wafer having an ultra-flat and clean surface at low cost. For 
example, with the design rule of 0.13 W m in mind, it is necessary to detect a 
particle (dust) of at least 0.1 Mm. However, with the SiC polishing 
technique conesponding to volume production of the present situation, the 
average roughness is about Ra = 20 nm, and therefore it is confirmed that the 
25 particle detection cannot be performed with this surface roughness. 

The present invention is made in view of the above-described 



wo 03/07 1 588 PCTAFPOi/OOl 75 

4 

problem of the prior art, and has its object to provide the SiC monitor wafer 
production method which can make a surface flat until the particle detection 
becomes possible. 



5 Disclosure of the Invention 

In order to attain the above-described object, in a production method 
of an SiC monitor wafer according to the present invention, 3C-SiC is grown 
in a [111] direction by CVD. A C surface of SiC is polished and is 
irradiated with the GCIB by an Ar gas. Further, CF4, SFe, NF3, CHFsor O2 

10 alone or a mixture gas of them is used as a gas seed of the GCIB. 

More specifically, a production method of an SiC monitor wafer 
according to the present invention comprises the steps of depositing SiC of 
crystal system 3C on a substrate by a CVD (Chemical Vapor Deposition) 
method; detaching the SiC from the substrate; flattening the SiC surface by 

15 using mechanical polishing alone or in combination with CMP (Chemo 
Mechanical Polishing); thereafter, irradiating the surface with GCIB (Gas 
Cluster Ion Beam) until the surface roughness becomes Ra = 0.5 nm or less, 
and impiu-ity density of the wafer surface becomes 1 X 10 atoms / cm' or 
less to thereby produce the SiC monitor wafer. 

20 Further, in the CVD process, 3C-SiC crystal may be oriented and 

grown in a direction of [100] or [110] or [111], and crystal orientation may be 
made uniform, whereby etching rate anisotropy is avoided at the time of the 
CMP and GCEB irradiation, thereby producing the SiC monitor wafer. 

In the machining step in which mechanical polishing alone or in 

25 combination of CMP is used before the GCIB is irradiated, the surface 
roughness (PV value) in an area of 100 Mm of tlie wafer surface may be 



wo 03/07 1 588 PCT/JP03/001 75 

5 

flattened to 5 nm to 50 nm, and thereafter an ultra-flat surface may be 
produced by the GCIB. 

When mechanically polishing the SiC surface, a C surface of the 
3C-SiC crystal is formed and made a surface to be polished, and a larger 
5 etching rate is obtained as compared with Si surface polishing. Further, 
when irradiating the SiC surface with the GCIB, a C surface of the 3C-SiC 
crystal is made a surface to be irradiated, and a larger etching rate is obtained 
as compared with the Si surface irradiation. In addition, by using CF4, SFe, 
NF3, CHF3 or O2 alone or a mixture gas of them as a gas seed which is 
10 irradiated to the wafer surface, F radical generated on the surface may be 
utilized to promote chemical reaction on the SiC surface so that a large 
etching rate is obtained. Furthermore, after etching is carried out by using 
CF4, SF6, NF3, CHF3 or O2 alone or a mixture gas of them as a gas seed of 
GCIB, which is irradiated to the wafer surface, Ar gas cluster may be 
15 irradiated to ultra-flatten the surface. 

The present invention is to obtain an ultra-flat and clean SiC surface 
at low cost by using a crystal orientation control, selection of the Si surface / 
C surface of SiC, and reactivity of SiC and a gas seed. 

When ion etching is conducted, an ideal incident angle of ion exists 
20 to increase a spattering rate. When the crystal orientation of SiC is not 
uniform, even if the ion beam is inadiated uniformly, the etching depth 
differs for each crystal grain composing the wafer. This problem is solved 
by orientation growth. The (111) surface and the (1-1-1-) surface of SiC are 
not equivalent. The former is called the Si surface and the latter is called 
25 the C surface. As for permeability for oxygen ions in the SiOa film formed 
on the SiC surface, for example, SiOa on the Si surface has less permeability, 
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that is, larger oxidation resistance. As for etching, difference between the C 
surface and the Si surface is expected. Further, by using CF4, SFe, NF3, 
CHF3, or O2 alone, or a mixture gas of them as the gas seed of the GCIB, the 
reaction of the SiC surface and F radical proceeds, and a larger etching rate as 
5 compared with the case of an Ar gas is obtained. In the case of these gas 
seeds, the etching rate is large, but flattening performance lags behind, and 
therefore final finishing is performed by an Ar gas. 

Brief Description of the Drawings 
10 Fig. 1 is a flowchart showing process steps of a production method of 

an SiC monitor wafer according to an embodiment; 

Fig. 2A-2D is a flowchart of production process of the SiC wafer; 
Fig. 3 is a sectional view of GCIB equipment; 
Fig. 4 is a view showing a crystal structure of an SiC wafer; and 
15 Fig. 5 is an explanatory view of a low pressure CVD device. 

Best Mode for Carrying out the Invention 

Hereinafter, a preferred embodiment of a production method of an 
SiC monitor wafer according to the present invention will be explained in 

20 detail with reference to the accompanying drawings. 

As shown in Fig. 4, SiC is a substitutional type of diamond in its 
crystal stracture and has a structure in which carbon atoms C and silicon 
atoms Si form a hexagonal lattice and a layer in which carbon atoms C are 
arranged and a layer in which silicon atoms Si are arranged are alternately 

25 placed along a direction of [111] axis. The bonding force between the layer 
in which the carbon atoms C are arranged and the layer in which the silicon 
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atoms Si are arranged is weaker than a bonding force of the other parts, and 
therefore they tend to be cut in a direction parallel to a (111) surface. 
Therefore, SiC is easily cut in a direction parallel to the (111) surface as a 
border of the layer of the carbon atoms C and the layer of the silicon atoms Si, 
5 and the layer of carbon atoms C and the layer of silicon atoms Si appear on 
the cutting plane. 

This is the same when polishing is performed, when (111) is polished, 
the layer of silicon atoms Si appears on its surface and when the opposite 
surface is polished, the layer of carbon atoms C appears. Accordingly, in 
10 the (111) SiC wafer, one side surface is always a so-called Si surface in 
which the layer of silicon atoms Si appears, and the other side surface is a 
so-called C surface in which the layer of carbon atoms C appears. 

The SiC monitor wafer production method according to this 
embodiment is carried out as follows. A flowchart of the production 
15 process will be shown in Fig. 1. As shown in Fig, 1, the SiC wafer is 
produced on a graphite base material by the CVD so that the surface of the 
SiC wafer becomes (111) (step 100), and the base material is combusted so 
that the SiC wafer is detached (step 102). The surface of the SiC wafer thus 
obtained is mechanically polished (step 104), then CMP polishing for the 
20 wafer C surface is carried out (step 106), and finally the GCIB is irradiated to 
finish the so-called polishing operation (step 108). 

On producing the SiC monitor wafer, the SiC wafer is firstly 
produced. As for this, a disc-shaped graphite base material 40 in a 
predetermined size composed of high purity graphite corresponding to the 
25 size of the SiC wafer to be produced is made as shown in Fig. 2A. 
Thereafter, the disc-shaped graphite base material 40 is put into the CVD 
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equipment, then the temperature of the inside of the furnace is heated to and 
kept at a predetermined temperature (for example, 1000 to 1600 V.), and the 
inside of the furnace is controlled to be predetermined pressure (for example, 
100 Torr). Subsequently, SiCU, C3H8 and the like to be materials of SiC as 

5 well as a hydrogen gas (H2) are supplied by 5 to 20 % in volume %, and an 
SiC layer 42 of 0.3 to 1 nam is formed on the surface of the graphite base 
material 40 (Fig.2B). Thereafter, the graphite base material 40 is taken out 
of the CVD equipment, and the perimeter surface of the SiC layer 42 is 
polished and cut by machining, whereby the perimeter surface of the graphite 

10 base material 40 is exposed (Fig. 2C). Subsequently, the graphite base 
material 40 sandwiched by the SiC layers 42 is put into the furnace at 900 to 
1400 T), to which oxygen is supplied, and the graphite base material 40 is 
combusted and removed, whereby two SiC wafers 50 are obtamed (Fig. 2D). 
Thereafter, the SiC wafers are polished. 

15 pushing processing is carried out so that the SiC wafer 50 thus 

obtained can be used as a monitor wafer. After the wafer 50 is firstly 
polished to Ra = 0.02 Mm using a diamond abrasive grain, the CMP 
polishing is carried out. With use of colloidal silica (grain diameter of 
70nm) as an abrasive material, pH of slurry is adjusted to 10 to 11 by addition 

20 of alkali. The polishing time is twelve hours. The surface for which CMP 
is carried out is the C surface. An etching rate at temperature of 55 °C is 
0.1 Mm / h with pH 10, and 0.2 Urn / with pH 11. The etching rate 
becomes further smaller at around the room temperature. On the Si surface, 
the etching rate is half or less as compared with that on the C surface. 

25 Next, the GCIB is irradiated to the wafer for which only mechanical 

polishing is carried out and also to the wafer for which mechanical polishing 
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and CMP are used in combination, and thereby the wafers are flattened. A 
GCIB equipment is shown in Fig. 3. As for a GCIB equipment 70, a known 
one may be used, and for example, as shown in Fig. 3, the device has two 
vacuum chambers, a source chamber 71 and a main chamber 72, which are 

5 operated to exhaust air by a source chamber vacuum pump, and a main 
chamber vacuum pump. Gas cluster is formed by adiabatic expansion by 
causing a source gas supplied from a gas cylinder or the like to spout from a 
nozzle 74 at an supersonic speed. The generated cluster is made to pass 
through a skimmer 76 and introduced into an ionization section 78 with a 

10 beam form being shaped. In this ionization section 78, ionization is carried 
out by electron collision extracted from filament. On this occasion, in an 
acceleration section 80, the cluster is accelerated by an electric field and gas 
cluster ions are selected by the size of the cluster by a deceleration electric 
field in a deceleration electric section 82, then it is further accelerated in an 

15 acceleration section 84 and is irradiated to the wafer 50 as a target to which 
high voltage is applied. The gas cluster ion irradiated to the wafer 50 is 
broken as a result of collision with the wafer 50, on which occasion, 
multibody collision occurs between cluster constituent atoms or molecules 
and target atoms or molecules, and movement in a horizontal direction 

20 relative to the surface of the wafer 50 becomes prominent, and as a result, 
smoothing in a lateral direction relative to the surface of the wafer 50 
becomes possible. As a result that sputtered atoms move in a lateral 
direction on the surface of the wafer 50, the raised portions on the surface are 
mainly sputtered and ultra precise polishing flat in an atomic size can be 

25 obtained. 

As a source gas to be introduced, CF4, SFe, NF3, CHF3, or O2 alone. 
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or a mixture gas of them with large etching rate is used. With these kinds of 
gases, etching speed is large, but flattening performance lags behind, and 
therefore one, or two or more kinds of gas or gases, such as, for example, a 
compound carbon dioxide gas, as well as argon, a nitrogen gas, an oxygen 

5 gas and the like can be solely used or mixed and used. 

By the GCIB irradiation as described above, the surface roughness is 
improved to an atom level size. In the gas cluster ion beam, the energy 
which the ions have is lower unlike ordinary ion etching, therefore making 
desired ultra precise polishing possible without giving a damage to the 

10 surface of the wafer. As for irradiation of the gas cluster ion beam to the 
surface of the substrate, it is preferable to irradiate the beam in the 
substantially vertical direction relative to the surface. 

Table 1 provides the typical irradiation conditions by the 
above-described GCIB, 

15 



Table 1 



Gas seed 


CF4 


Irradiation area 


7 inches in diameter 


Acceleration voltage 


15kV 


Beam current 


50 MA 


Ionization voltage 


300V 


Ionization 
current 


150mA 


Irradiation time 


Ih 







The depth of etching is obtained from difference of elevation between 
the irradiated portion and the non-irradiated portion with masking being 
20 applied. Table 2 provides a summary of the effect of flattening with CF4 
irradiation. 
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Table 2 



Surface 


Etching rate 


Ra 


C surface 


1.0 Mm/h 


4 nm 


Si surface 


0.4 pLm/h 


20 nm 


C surface (CMP) 


1.0 Um/h 


1.6 nm 


Si surface (CMP) 


OA lim/h 


4 nm 



The etching rate when CF4 is irradiated to the C surface is 1 Um/h. 
For the Si surface, it is 0.4 Um / h. With Ai gas cluster irradiation, the 

5 etching rates of the C surface and the Si surface become 1 / 10 as compared 
with CF4. Throughput becomes extremely low with use of only an Ar gas. 
After irradiation of CF4, Ar gas cluster is irradiated as final finishing. As a 
result of observing the surface with AFM, the wafer having the flattest 
surface is the C surface (using CMP in combination), and the Ra value of the 

10 average roughness is 0.2 nm. 



Table 3 



Surface 


Etching rate 


Ra 


C surface 


0.1 Mm/h 


0.5 nm 


Si surface 


0.05 Mm/h 


10.0 nm 


C surface (CMP) 


1.10 Mm/h 


0.2 nm 


Si surface (CMP) 


0.05 Hmfh 


0.5 nm 



As described above, according to the present embodiment, the 
15 direction of the SiC crystal is aligned with [HI] by CVD, and by applying 
CMP and GCIB onto the C surface, and by using a reactive substance such as 
CF4 as the GCIB gas, the surface of SiC that is difficult to machine can be 
ultra-flattened. In the above-described embodiment, the case in which the 
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direction of the SiC crystal is aligned with [111] is explained, but the same 
effects can be obtained when the crystal direction is [100] and [110]. 

Industrial Availability 

5 As explained thus far, the present invention is constituted so 

that SiC of crystal system 3C is deposited on a substrate by the 
CVD (chemical Vapor Deposition) method and after this SiC is 
detached from the substrate and the SiC surface is flattened by 
using mechanical polishing alone or in combination with CMP 

10 (Chemo Mechanical Polishing), the GCIB (Gas Cluster Ion Beam) 
is irradiated to the surface until the surface roughness becomes Ra 
= 0.5 nm or less and the impurity density on the wafer surface 
becomes 1 X 10^^ atoms /cm^ or less, therefore obtaining the 
excellent effect that the surface of the SiC wafer can be 

15 ultra-flattened to the extent that particle detection is possible. 
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CLAIMS: 

1. A production method of an SiC monitor wafer having an ultra-flat 
and clean surface comprising the steps of: 
5 depositing SiC of crystal system 3C on a substrate by a CVD 

(Chemical Vapor Deposition) method; 

detaching the SiC from the substrate; 

flattening the SiC surface by using mechanical polishing alone or in 
combination with CMP (Chemo Mechanical Polishing); 
10 thereafter, irradiating the surface with GCIB (Gas Claster Ion Beam) 

until the surface roughness becomes Ra = 0.5 nm or less, and impurity 
density of the wafer surface becomes 1 X 10^^ atoms / cm^ or less to 
thereby produce the SiC monitor wafer. 

15 2. The production method of the SiC monitor wafer according to claim 
1, wherein: 

in the CVD process, 3C-SiC crystal is oriented and grown in a 
direction of [100] or [110] or [111], and crystal orientation is made uniform, 
whereby etching rate anisotropy is avoided at the time of CMP and GCB 
20 irradiation. 

3. The production method of the SiC monitor wafer according to claim 
1, wherein: 

in the machining step in which mechanical polishing is solely used or 
25 used in combination of CMP before the GCIB is irradiated, the surface 
roughness (PV value) in an area of 100 /Xm of the wafer surface is flattened 
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to 5 nm to 50 nm, and thereafter an ultra-flat surface is produced by the 
GCIB. 

4. The production method of the SiC monitor wafer according to claim 
5 1, wherein: 

when mechanically polishing the SiC surface, a C surface of the 
3C-SiC crystal is made a surface to be polished, and a larger etching rate is 
obtained as compared with Si surface polishing. 

10 5. The production method of the SiC monitor wafer according to claim 
1, wherein: 

when the SiC surface is irradiated with the GCIB, a C surface of the 
3C-SiC crystal is made a surface to be irradiated, and a larger etching rate is 
obtained as compared with the Si surface irradiation. 

15 

6. The production method of the SiC monitor wafer according to claim 
1, wherein: 

by using CF4, SFe, NF3, CHF3 or O2 alone or a mixture gas of them as 
a gas of GCIB which is irradiated to the wafer surface, F radical generated on 
20 the surface is utilized to promote chemical reaction on the SiC surface and a 
large etching rate is obtained. 

7. The production method of the SiC monitor wafer according to claim 
1, wherein: 

25 after etching is carried out by using CF4, SFe, NF3, CHF3 and O2 

alone or a mixture gas of them as a gas of GCIB which is irradiated to the 
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wafer surface, Ar gas cluster is irradiated to ultra-flatten the surface. 
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FIG.4 




10 : SILICON CARBIDE WAFER 
12 : [nilDIRECTION 
C : CARBON ATOM 
Si : SILICON ATOM 
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